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(54) Electrode for electrolysis and ion exchange membrane electrolytic cell 



(57) A metal coil or an elastic cushion formed by 
winding the metal coil around a corrosion-resistant 
frame is sandwiched between an electrode and an elec- 
trode collector or a cell wall or is used as an electrode. 
The elasticity of the metal coil or the elastic cushion en- 
ables the easy handling and the uniform contact be- 
tween the electrode and another electrolysis element. 



The metal coil or the elastic cushion can be also used 
as an elastic cathode. The elasticity of the elastic cath- 
ode also enables the easy handling of the electrode it- 
self and the uniform contact between the ion exchange 
membrane and the current collector. 
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Description 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 5 

[0001] The present invention relates to an electrode 
for electrolyzing an aqueous solution dissolving alkali 
metal chloride or any other electrolyte, and an ion ex- 
change membrane electrolytic cell using a hydrogen 10 
generating cathode. 

(b) Description of the Related Art 

[0002] Electrolysis industry including chloroalkali ^ 
electrolysis as its typical industry has an important role 
in material industry. In addition to this important role, en- 
ergy-saving is earnestly required in a country where en- 
ergy cost is high such as in Japan because the energy 
consumed in the chloroalkali electrolysis is higher. 20 
[0003] The chloroalkali electrolysis has been convert- 
ed from the mercury method into the ion exchange 
membrane method through the diaphragm method in or- 
der to solve the environmental problems and.to achieve 
the energy-saving, and actually the energy-saving by 25 
about 40 % has been attained in about 25 years. How- 
ever, even the energy-saving to this extent is unsatis- 
factory, and as far as the current method is used, the 
further electric power saving is impossible while the cost 
of the energy or the electric power occupies about half so 
of the total manufacture cost. 

[0004] In an electrolytic cell mounting a hydrogen- 
generating cathode and used for brine electrolysis, cell 
voltage is reduced by disposing an anode, an ion ex- 
change membrane and the hydrogen-generating cath- 35 
ode in intimate contact with one another. However, in a 
large-scaled electrolytic cell with an electrolytic area 
reaching to several square meters where an anode and 
a cathode are made of rigid materials, an inter-electrode 
distance can be hardly maintained at a specified value *o 
by intimately contacting both electrodes on an ion ex- 
change membrane. 

[0005] In order to reduce the inter-electrode distance 
or a distance between the electrode and the corre- 
sponding electrode current collector or to maintain these 45 
at a nearly fixed value, an electrolytic cell using an elas- 
tic material therein is proposed. 
[0006] The elastic material includes a non-rigid mate- 
rial such as a woven fabric, a non-woven fabric and a 
mesh, and a rigid material such as a blade spring. 50 
[0007] The use of the non-rigid material arises such 
problems that the inter-electrode distance becomes 
non-uniform due to the partial deformation of the non- 
rigid material generated by the undue pressing from the 
counter-electrode side and the fine wires of the non-rigid 55 
material stick to an ion exchange membrane. The rigid 
material such as the blade spring inconveniently dam- 
ages the ion exchange membrane, and reuse thereof 



may become impossible due to plastic deformation. 
[0008] Various methods have been proposed for 
pressing the electrodes toward the ion exchange mem- 
brane in the ion exchange membrane electrolytic cell 
such as an electrolytic cell for brine electrolysis because 
the lower-voltage operation is desirable by intimately 
contacting the anode and the cathode with the ion ex- 
change membrane. 

[0009] As described, the structural characteristic of 
the electrolytic cell sandwiching the ion exchange mem- 
brane between the anode and the cathode is that, in or- 
der to prevent the damage of the ion exchange mem- 
brane by means of the uniform contact between the 
electrode and the ion exchange membrane and to main- 
tain the inter-electrode distance to be minimum, at least 
one of the electrodes can freely move in a direction of 
the inter-electrode distance so that the electrode is 
pressed by an elastic element to adjust a holding pres- 
sure. 

[0010] The elastic element includes a knitted fabric 
and a woven fabric made of metal wires or a structure 
prepared by stacking the fabrics, or by three-dimension- 
ally knitting the fabrics or by three-dimensionally knitting 
the fabrics followed by crimp processing, and a n on -wo- 
ven fabric made of metal fibers, a coil hopper (spring) 
and a blade spring. These examples have spring elas- 
ticity of some kind. 

[0011] On the other hand, the blade spring and the 
metal mesh are used for smoothly conducting the power 
supply from the current collector to the electrode in an 
industrial electrolytic cell such as that for brine electrol- 
ysis. 

[0012] As described, however, the blade spring and 
the metal mesh are so rigid as to damage the ion ex- 
change membrane and may not provide the sufficient 
electric connection due to its lower deformation rate. 
[0013] In order to solve these problems, an electrolyt- 
ic cell is disclosed in JP-B-63(1988)-53272 (Figs.1 to 8) 
in which a cathode is uniformly pressed toward a dia- 
phragm to intimately contact the respective elements 
with one another by mounting a metal coil in place of the 
metal mesh between the cathode and the cathode end 
wall. 

[0014] The extremely small diameter and the higher 
deformation rate of the metal coil sufficiently contact the 
respective elements with one another so that the stable 
operation of the electrolytic cell is possible. 

SUMMARY OF THE INVENTION 

[001 5] An object of the present invention is to provide 
an electrolytic cell having a metal coil for securing elec- 
tric connection between an electrode and an electrode 
current collector by removing the above-mentioned 
problems while by utilizing the above characteristics of 
the conventional metal coil. 

[0016] The present invention provides, as a first as- 
pect thereof, an ion exchange membrane electrolytic 
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cell including an anode chamber accommodating an an- 
ode and an anode current collector, a cathode chamber 
accommodating a hydrogen-generating cathode and a 
cathode current collector, an ion exchange membrane 
dividing the electrolytic cell into the anode chamber and 5 
the cathode chamber, and a metal coil (or an elastic 
cushion formed by winding a metal coil around a corro- 
sion-resistant frame) sandwiched between the anode 
and the anode current collector (or anode chamber wall) 
and/or between the hydrogen-generating cathode and 10 
the cathode current collector (or cathode chamber wall) 
(hereinafter referred to as "first invention"). 
[0017] In accordance with the first invention, the elec- 
trode and the current collector (or chamber wall) can be 
securely and electrically connected because the metal is 
coil is freely deformed and has the sufficient conductiv- 
ity. When the elastic cushion formed by winding the met- 
al coil around the corrosion-resistant frame is used in 
place of the metal coil itself, it is easily handled, is hardly 
deformed and always keeps a specified amount of re- 20 
action force. 

[0018] The present invention provides, as a second 
aspect thereof, an electrode for electrolysis which in- 
cludes a metal coil supporting an electrode catalyst ther- 
eon or an elastic cushion supporting an electrode cata- 25 
lyst and formed by winding a metal coil around a corro- 
sion-resistant frame or metal cotton supporting an elec- 
trode catalyst thereon (hereinafter referred to as "sec- 
ond invention"). 

[0019] In accordance with the second invention, caus- 30 
tic soda or other electrolysis products can be generated 
with a higher efficiency without the mechanical damage 
of the ion exchange membrane and the insufficient cur- 
rent supply due to excessive deformation of the elastic 
electrode because the higher strength and the higher 35 
toughness of the electrode maintains the shape thereof 
for a longer period of time. Further, in the electrolytic cell 
accommodating the elastic electrode, the elastic elec- 
trode having the sufficient conductivity can be freely de- 
formed so that the elastic electrode and the current col- <*o 
lector can be electrically and securely connected with 
each, other to enable the reliable current supply. 
[0020] The above and other objects, features and ad- 
vantages of the present invention will be more apparent 
from the following description. 45 

BRIEF DESCRIPTION OF DRAWINGS 

[0021] 

50 

Fig. 1 is a perspective view showing an elastic cush- 
ion usable in the present invention. 
Fig. 2 is a perspective view showing a corrosion-re- 
sistant frame in the elastic cushion of Fig. 1 . 
Fig. 3 is a vertical sectional view taken along a line 55 
A-A in Fig.1. 

Fig.4 is a vertical sectional view taken along a line 
B-B in Fig.1. 



Fig.5 is a schematic top plan view showing an ex- 
ample of the elastic cushion used for electric con- 
nection between a hydrogen-generating cathode 
and a cathode current collector in a monopolar elec- 
trolytic cell for brine electrolysis in accordance with 
the first invention. 

Fig.6 is a schematic top plan view showing an ex- 
ample of the elastic cushion used for the electric 
connection between a hydrogen-generating cath- 
ode and a cathode current collector in a bipolar 
electrolytic cell for brine electrolysis in accordance 
with the first invention. 

Fig. 7 is a schematic top plan view showing an ex- 
ample of a monopolar electrolytic cell for brine elec- 
trolysis using the elastic cushion as a cathode in ac- 
cordance with the second invention. 
Fig. 8 is a schematic top plan view showing an ex- 
ample of.a bipolar electrolytic cell for brine electrol- 
ysis using the elastic cushion as a cathode in ac- 
cordance with the second invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0022] In the first invention, the hydrogen-generating 
electrode is mounted in the ion exchange membrane 
electrolytic cell. The electrolysis reaction of the first in- 
vention is desirably that for producing alkali hydroxide 
(sodium hydroxide) by means of chloroalkali (brine) 
electrolysis. 

[0023] The metal coil is positioned between the anode 
and the anode current collector or the anode chamber 
wall and/or between the hydrogen-generating cathode 
and the cathode current collector or the cathode cham- 
ber wall in the first invention. 

[0024] In the second invention, on the other hand, the 
elastic electrode such as the meal coil, the elastic cush- 
ion and the metal cotton is used as at least one of the 
anode and the cathode in the ion exchange membrane 
electrolytic cell. 

[0025] The electrode having the elasticity by itself 
does not necessitate the mounting of an elastic element 
other than the electrode in an electrolytic cell different 
from a conventional one. The electrode presses itself 
toward the ion exchange membrane as well as performs 
the functions of the electrode, thereby making the uni- 
form and intimate contact between, for example, the ion 
exchange membrane and the current collector. When 
the metal coil, the elastic cushion and the metal cotton 
are, for example, locally pushed with a finger, the sur- 
face is concaved. When the finger is released from the 
surface, the surface is then restored to the original state. 
The metal coil, the elastic cushion and the metal cotton 
closely contact with respect to the convexo-concave of 
another element. 

[0026] The electrolysis reaction of the second inven- 
tion is desirably that for producing alkali hydroxide (so- 
dium hydroxide) by means of chloroalkali (brine) elec- 
trolysis. However, it is not especially restricted provided 
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that the above electrode can be used in the reaction. 
[0027] The metal coil of the first invention or the sec- 
ond invention can be obtained by rolling wires such as 
nickel, nickel alloy, stainless steel and copper which is 
prepared by plating a metal having a lower resistivity s 
and an excellent corrosion resistance, to helical coils. 
The section of the wires is preferably a circle, an oval or 
a rectangle having rounded corners. A section having 
keen corners such as a triangle and a rectangle is not 
desirable for a purpose of preventing damage of the ion 10 
exchange membrane. For example, nickel wires [JIS 
(Japanese Industrial Standards) code: NW2201) having 
a diameter of 0.1 7mm are rolled to provide coils having 
a rectangular shape of about 0.05mm x 0.5mm with 
rounded corners and a winding diameter of about 6mm. *5 
The coils thus obtained can be preferably used. 
[0028] While the coils may be used as an anode or a 
cathode in an electrolytic cell or inserted between the 
subject electrode and the corresponding current collec- 
tor or the chamber wall, the metal coil is desirably used 20 
as the elastic cushion after the metal coil is wound 
around the corrosion-resistant frame. 
[0029] The metal coil having the higher deformation 
rate is difficult to be handled and difficult to be mounted 
at a specified position of the electrolytic cell in accord- 25 
ance with the intention of a worker. The easily deformed 
metal coil once mounted at the specified position may 
be subject to excursion by an electrolyte or a generated 
gas in the electrolytic ceil so that the respective ele- 
ments may be hardly in uniform contact with one anoth- 30 
er. 

[0030] The elastic cushion can be obtained by, for ex- 
ample, winding one or more metal coils between two op- 
posing rods among the four rods of the rectangular cor- 
rosion resistant frame at a nearly uniform mass per unit 35 
area. Although the two layers of the metal coils are or- 
dinarily layered on the both sides of the corrosion resist- 
ant frame of the elastic cushion, the adjacent coils are 
engaged with each other in a comb-teeth fashion to pro- 
vide one layer on its appearance. The elastic cushion 40 
thus obtained has an appearance of a metal scrubbing 
brush for washing food vessels. 
[0031] The elastic cushion can be easily assembled 
out of the electrolytic cell and is mounted such that the 
subject electrode and the current collector (or chamber 45 
wall) are electrically connected or that the elastic cush- 
ion itself acts as the electrode. The elastic cushion itself 
is not deformed during the mounting because of the 
strength of the corrosion resistant frame and the assem- 
bly is not hindered. Accordingly, the elastic cushion is so 
easily mounted on a specified position. 
[0032] The diameter (apparent diameter) of the metal 
coil is shortened ordinarily by 1 0 to 70% to produce elas- 
ticity after the mounting in the electrolytic cell. The elas- 
ticity electrically and elastically connects the anode and 55 
the anode current collector (or anode chamber wall) or 
the cathode and the cathode current collector (cathode 
chamber wall), or enables the electrode itself to be held, 



for example, between the ion exchange membrane and 
the current collector, to facilitate the current supply to 
the electrode. The metal coil having the smaller appar- 
ent diameter necessarily increases the number of con- 
tact points between the electrode or the current collector 
and the elastic cushion to realize the uniform contact. 
The shape of the elastic cushion after the mounting in 
the electrolytic cell are held by the corrosion resistant 
frame so that the elastic cushion is scarcely subject to 
plastic deformation and can be used again after the re- 
assembly of the electrolytic cell. 
[0033] When the ion exchange membrane electrolytic 
cell is assembled by using the elastic cushion between 
the specified elements in the first invention or by using 
the elastic cushion as the electrode in the second inven- 
tion, the elastic cushion is positioned between at least 
one electrode and the current collector or the chamber 
wall or is positioned between the ion exchange mem- 
brane and the current collector, respectively, followed 
by the ordinary assembly, thereby providing the electro- 
lytic cell having the elastic cushion sandwiched between 
the specified elements or held as the electrode. 
[0034] In order to conduct the brine electrolysis by us- 
ing the ion exchange membrane electrolytic cell having 
the above-described configuration, current is supplied 
between the electrodes while an electrolyte such as a 
brine is supplied to the anode chamber and a diluted 
caustic soda aqueous solution is supplied to thecathode 
chamber. In the electrolytic cell of the first invention, 
since the metal coil or the elastic cushion is held be- 
tween the electrode and the current collector or the 
chamber wall, the ion exchange membrane or the other 
elements in the cell are not damaged and the current 
supply does not become insufficient because of the ex- 
cessive deformation so that the caustic soda can be 
manufactured with a high efficiency. Also in the electro- 
lytic cell of the second invention in which the metal coil 
or the elastic cushion acts as the electrode, since the 
high strength and the high toughness of the metal coil 
or the elastic cushion maintain the electrolysis condi- 
tions, the ion exchange membrane or the other ele- 
ments in the cell are not mechanically damaged and the 
current supply does not become insufficient because of 
the excessive deformation so that the caustic soda can 
be manufactured with a high efficiency. 
[0035] Now, an embodiment of the present invention 
is more specifically described referring to the annexed 
drawings. However, the present invention is not restrict- 
ed thereto. 

[0036] As shown in Figs.1 and 2, a corrosion resistant 
frame 11 is composed of a rectangular frame 12 made 
of a metal rod such as a nickel rod, and an auxiliary rod 
1 3 extending between a pair of the opposing round rods 
in the longitudinal direction. 

[0037] A metal coil 14 shown in Figs.3 and 4 is ob- 
tained by rolling a metal wire with a small diameter into 
a coil. The metal coil 1 4 having an appearance of a metal 
scrubbing brush for washing is freely deformed without 
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rigidity. As shown in Fig. 1 , the metal coil 14 is wound 
between the pair of the round rods 1 2 in the longitudinal 
direction in their full lengths of the corrosion resistant 
frame 11 having a diameter of about 2 mm and made of 
nickel to fabricate an elastic cushion 1 5. 5 
[0038] The elastic cushion 15 fabricated by winding 
the metal coil 14 around the corrosion resistant frame 
1 1 maintains its shape as that of the corrosion resistant 
frame 11 so that the metal coil 14 is seldom separated 
from the corrosion resistant frame 11 and may be nan- 10 
died as integrated with the corrosion resistant frame 11 . 
[0039] Although the metal coil or the elastic cushion 
used for electrically connecting the electrode and anoth- 
er element such as a current collector and a chamber 
wall is not necessarily fixed to a cathode current collec- *5 
tor and a cathode such as a hydrogen-generating cath- 
ode, it may be fixed. The current is ordinarily supplied 
by using a contact current supply system. 
[0040] As shown in Fig. 5, a pair of conducting rods 21 
are positioned in a vertical direction in an electrolytic cell 20 
22. A pair of catholyte circulation and current supply el- 
ements 23 are mounted around the conducting rods 21 , 
and a pair of cathode current collectors 24 are posi- 
tioned in parallel to the respective surfaces of the current 
supply elements 23 and are electrically connected 25 
thereto. 

[0041] A pair of the elastic cushions 1 5 are then elec- 
trically connected to the cathode current collectors 24, 
and then a pair of hydrogen- generating cathodes 25 
are in contact with the outer sections of the respective 30 
elastic cushions 15. 

[0042] As shown in Fig.6, integrated four anode hold- 
ing elements 31 having strip-shaped bonding sections 
32 and located in the vertical direction are fixed in an 
electrolytic cell 33 by bonding the strip-shaped bonding 35 
sections 32 to the anode side of an bonded wall having 
an anode partition wall 34 and a cathode partition wall 
35. Anolyte circulation passages 36 are formed in the 
respective holding elements 31. 

[0043] On the other hand, cathode holding elements *o 
37 corresponding to the anode holding elements 31 are 
fixed to the cathode side of the bonded wall by bonding 
strip-shaped bonding sections 38 to the cathode parti- 
tion wall 35, and catholyte circulation passages 39 are 
formed in the respective holding elements 37. ^ 
[0044] Projections 40 are formed at the center of the 
outer surfaces of the anode holding elements 31, and 
current is supplied through the projections 40 to an an- 
ode 41 having an expanded metal mesh. 
[0045] The elastic cushion 15 or the metal coil 14 is so 
in electric contact with the fourf lat surface of the cathode 
holding elements 37, and further a hydrogen-generating 
cathode 42 is in electric contact with the outer sections 
of the elastic cushion 15. Current is supplied from the 
cathode holding elements 37 to the hydrogen-generat- 55 
ing cathode 42 through the elastic cushion 15. 
[0046] When the elastic cushion 15 is used, it is easily 
handled and hardly deformed because the elastic cush- 



ion is formed by winding the metal coil around the cor- 
rosion-resistant frame. 

[0047] Current is supplied between the electrodes 
while brine is supplied to the anode chamber and a di- 
luted caustic soda aqueous solution is supplied to the 
cathode chamber in the above electrolytic cell to provide 
a concentrated caustic soda aqueous solution in the 
cathode chamber. 

[0048] Electrolytic cells 51 and 61 shown in Figs.7and 
8 are modifications of the electrolytic cell 22 shown in 
Fig. 5 and of the electrolytic cell 33 shown in Fig.6, re- 
spectively, and the description of the same elements as 
those in Figs.5 and 6 will be omitted by denoting the 
same numerals thereto. 

[0049] The electrolytic cell 51 in Fig.7 has the same 
configuration as the electrolytic cell 22 in Fig.5 except 
that the pair of the hydrogen- generating cathodes 25 
are removed and the elastic cushion 1 5 or the metal coil 

14 acts as an electrode. 

[0050] The electrolytic cell 61 in Fig.8 has the same 
configuration as the electrolytic cell 33 in Fig.6 except 
that the hydrogen-generating cathode 42 is removed 
and the elastic cushion 15 or the metal coil 14 acts as 
an electrode. 

[0051] Also in the electrolytic cells 51 and 61 shown 
in Figs. 7 and 8, respectively, using the elastic cushion 

15 as the cathode, the elastic cushion 15 is easily han- 
dled and hardly deformed. 

[0052] Although Examples of the first invention and 
the second inventions will be described, the present in- 
vention shall not be deemed to be restricted thereto. 

[Example 1] 

[0053] A unit ion exchange membrane electrolytic cell 
was assembled as follows. 

[0054] A dimensionally stable electrode available 
from Permelec Electrode, Ltd. was used as an anode 
and an active electrode made of a nickel micromesh 
substrate was used as a cathode. The respective di- 
mensions of the reaction surfaces of the anode and the 
cathode were 110 mm in width and 1400 rrfm in height. 
Flemion F-8934 available from Asahi Glass Co., Ltd. 
was used as an ion exchange membrane. 
[0055] A nickel wire (JIS code: NW2201) having a di- 
ameter of 0. 1 7mm and a tensile strength of 620 to 680N/ 
m 2 was rolled to provide a metal coil having a width of 
about 0.5 mm and a winding diameter (apparent diam- 
eter) of about 6mm. 

[0056] The metal coil was wound around a frame 
formed by round rods made of nickel having a diameter 
of 2 mm (corrosion resistant frame) such that the shape 
thereof was adjusted in a rectangle to provide an elastic 
cushion. having thickness of 10 mm, width of 110 mm 
and length of 350 mm. The metal coil mass per unit area 
of the elastic cushion was about 7g/dm 2 . An expanded 
metal mesh made of nickel was used as a cathode cur- 
rent collector. 
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[0057] The elastic cushion was inserted between the 
cathode current collector and the active cathode such 
that the elasticity was generated therebetween, and 
electrolysis was conducted for 30 days at a current den- 
sity of 40 A/dm 2 . 

[0058] During the operation, electrolysis conditions 
were stable and caustic soda having high concentration 
was obtained. 

[Example 2] 

[0059] A unit ion exchange membrane electrolytic cell 
was assembled as follows. 

[0060] A dimensionally stable electrode having an ef- 
fective area of 1540 cm 2 (11 cm in width and 140 cm in 
height) prepared by forming an electrode catalyst coat- 
ing having a platinum-group metal oxide on an expand- 
ed metal made of titanium available from Permelec 
Electrode, Ltd. was used as an anode. The anode was 
mounted on an anode chamber wall of the electrolytic 
cell by using an anode rib. 

[0061] A cathode current collector formed by expand- 
ed nickel was mounted on a cathode chamber wall by 
using a cathode rib formed by tabular nickel. 
[0062] A nickel wire (JIS code: NW2201 ) having a di- 
ameter of 0.1 7mm and a tensile strength of 620 to 680N/ 
m 2 was rolled to provide a metal coil having a width of 
about 0.5 mm and a winding diameter of about 6 mm. 
[0063] The metal coil was wound around a frame 
formed by round rods made of nickel having a diameter 
of 2 mm (corrosion resistant frame) such that the shape 
thereof was adjusted in a rectangle to provide an elastic 
cushion having thickness of 10 mm, width of 110 mm 
and length of 350 mm. The metal coil mass per unit area 
of the elastic cushion was about 7g/dm 2 . 
[0064] Then , an elastic cathode was prepared by plat- 
ing the elastic cushion with platinum. 
[0065] The surfaces of the respective metal coils con- 
stituting the elastic cushion and facing to the ion ex- 
change membrane were plated with platinum by means 
of the brush plating (current: 0.5A, time length of plating 
per 1 dm 2 : 5 minutes) in which the elastic cushion was 
used as a plating cathode and a plastic brush having 
therein a titanium rod impregnated with a hexachloro- 
platinic acid solution (20 g/liter) was used as a plating 
anode. 

[0066] The four platinum-supporting elastic cushions 
(The four elastic cathodes) were arranged on the cath- 
ode current collector. 

[0067] A cation exchange membrane (Flemion F- 
8934 available from Asahi Glass Co., Ltd.) was dis- 
posed between the anode and the elastic cathode to as- 
semble the electrolytic cell. 

[0068] Electrolysis was conducted at a current density 
of 40 A/dm 2 and a temperature of 85°C while brine with 
concentration of 31 Og/liter was supplied to the anode 
chamber and a caustic soda aqueous solution was sup- 
plied to the cathode chamber so that the caustic soda 



aqueous solution with the concentration of 32% in 
weight was obtained in the cathode chamber. Cell volt- 
age was 2.89V. 

5 [Example 3] 

[0069] An ion exchange membrane electrolytic cell 
was assembled as follows. 

[0070] A dimensionally stable electrode having an ef- 
10 fective area of 1540 cm 2 (11 cm in width and 140 cm in 
height) prepared by forming an electrode catalyst coat- 
ing having a platinum-group metal oxide on an expand- 
ed metal made of titanium available from Permelec 
Electrode, Ltd. was used as an anode. The anode was 
is mounted on an anode chamber wall of the electrolytic 
cell by using an anode rib. 

[0071] A cathode current collector formed by an ex- 
panded metal was mounted on a cathode chamber wall 
by using a cathode rib formed by tabular nickel. 

20 [0072] A woven fabric in a uniform cotton form was 
prepared by raveling nickel fibers having thickness of 5 
mm, width of 11 cm and length of 20 cm with a fibers- 
raveling machine. The woven fabric was dipped at room 
temperature for one hour in a mixed solution including 

25 a hexachloroplatinic acid aqueous solution (20 g/liter) 
and hydrochloric acid (10 g/liter) to precipitate the plat- 
inum on the woven fabric, thereby providing a cathode. 
[0073] Seven pieces of the cathodes (platinum-sup- 
ported woven fabrics) were arranged on the cathode 

30 current collector, and a cation exchange membrane 
(Flemion F-8934 available from Asahi Glass Co., Ltd.) 
was disposed between the anode and the cathode to 
assemble the electrolytic cell. 

[0074] Electrolysis was conducted at a current density 
35 of 40 A/dm 2 and a temperature of 85° C while brine with 
concentration of 31 Og/liter was supplied to the. anode 
chamber and a caustic soda aqueous solution was sup- 
plied to the cathode chamber so that the caustic soda 
aqueous solution with the concentration of 32% in 
40 weight was obtained in the cathode chamber. Cell volt- 
age was 2.87V. 

[Comparative Example 1 ] 

45 [0075] An anode was fabricated similarly to Example 
3, and a cathode current collector was mounted similarly 
to Example 3. 

[0076] Two metal meshes prepared by knitting eight 
nickel wires having a diameter of 0.08 mm in a stockinet 

50 manner were superposed and crimped to provide a mat 
(elastic current supplying element made of nickel) which 
was then disposed on the cathode current collector. 
[0077] An active substance was coated on a metal 
mesh made of nickel having a diameter of 0.15 mm, a 

55 hole area rate of 68% and a hole area of 0.49 mm 2 in 
the following manner. 

[0078] After the metal mesh was defatted by using 
steam, and etched in 15% nitric acid for one minute, 
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paint with a composition having a hexachloroplatinic ac- 
id hexahydrate aqueous solution (20 g/liter), cesium ni- 
trate hexahydrate aqueous solution (30 g/liter) and nitric 
acid (50 g/liter) was applied to the metal mesh and dried 
at 50°C for five minutes. Then, the metal mesh was 
heated in a heating apparatus at 500°C for 10 minutes 
and cooled to room temperature. The procedure (paint 
application-drying- decomposition) was repeated until 
the platinum concentration reached to Sg/m 2 . 
[0079] A nickel mesh was disposed as a cathode in 
contact with the nickel mat thus obtained, and a cation 
exchange membrane (Flemion F-8934 available from 
Asahi Glass Co., Ltd.) was disposed between the anode 
and the cathode to assemble the electrolytic cell. 
[0080] Electrolysis was conducted at a current density 
of 40 A/dm 2 and a temperature of 85°C while brine with 
concentration of 31 Og/liter was supplied to the anode 
chamber and a caustic soda aqueous solution was sup- 
plied to the cathode chamber so that the caustic soda 
aqueous solution with the concentration of 32% in 
weight was obtained in the cathode chamber. Cell volt- 
age was 2.90V. 

[0081] Comparison between Examples 2 and 3 and 
Comparative Example 1 reveals that the cell voltages of 
Examples 2 and 3 using the elastic cushion as the cath- 
ode were lower than that of Comparative Example 1 us- 
ing the nickel mat and nickel mesh as the cathode so 
that more effective electrolysis could be conducted in 
the former. 

[0082] Since the above embodiments are described 
only for examples, the present invention is not limited to 
the above embodiments and various modifications or al- 
ternations can be easily made therefrom by those skilled 
in the art without departing from the scope of the present 
invention. 



Claims 

1. An ion exchange membrane electrolytic cell com- 
prising: 

an anode chamber accommodating an anode 
and an anode current collector; 
a cathode chamber accommodating a hydro- 
gen-generating cathode and a cathode current 
collector; 

an ion exchange membrane dividing the elec- 
trolytic cell into the anode chamber and the 
cathode chamber; and 

a metal coil sandwiched between the anode 
and the anode current collector and/or between 
the hydrogen-generating cathode and the cath- 
ode current collector. 

2. An ion exchange membrane electrolytic cell com- 
prising: 



an anode chamber accommodating an anode 
and an anode current collector; 
a cathode chamber accommodating a hydro- 
gen-generating cathode and a cathode current 
5 collector; 

an ion exchange membrane dividing the elec- 
trolytic cell into the anode chamber and the 
cathode chamber; and 

an elastic cushion formed by winding a metal 
10 coil around a corrosion -resistant frame, sand- 

wiched between the anode and the anode cur- 
rent collector and/or between the hydrogen- 
generating cathode and the cathode current 
collector. 

15 

3. An ion exchange membrane electrolytic cell com- 
prising: 

an anode chamber having an anode chamber 
20 wall and accommodating an anode; 

a cathode chamber having a cathode chamber 
wall and accommodating a hydrogen-generat- 
ing cathode; 

an ion exchange membrane dividing the elec- 
ts trolytic cell into the anode chamber and the 
cathode chamber; and 

a metal coil sandwiched between the anode 
and the anode chamber wall and/or between 
the hydrogen-generating cathode and the cath- 
30 ode chamber wall. 

4. An ion exchange membrane electrolytic cell com- 
prising: 

35 an anode chamber having an anode chamber 

wall and accommodating an anode; 
a cathode chamber having a cathode chamber 
wall and accommodating a hydrogen-generat- 
ing cathode; 

40 an ion exchange membrane dividing the elec- 

trolytic cell into the anode chamber and the 
cathode chamber; and 

an elastic cushion formed by winding a metal 
coil around a corrosion -resistant frame, sand- 
45 wiched between the anode and the anode 

chamber wall and/or between the hydrogen- 
generating cathode and the cathode chamber 
wall. 

so 5. An electrode for electrolysis which comprises a 
metal coil supporting an electrode catalyst thereon 
or an elastic cushion supporting an electrode cata- 
lyst and formed by winding a metal coil around a 
corrosion -resistant frame. 

55 

6. An electrode for electrolysis which comprises metal 
cotton supporting an electrode catalyst thereon. 
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7. An ion exchange membrane electrolytic cell com- 
prising: 

an anode chamber accommodating an anode; 
a cathode chamber accommodating a cathode; 5 
and 

an ton exchange membrane dividing the elec- 
trolytic cell into the anode chamber and the 
cathode chamber; 

at least one of the anode and cathode being an io 
elastic electrode supporting an electrode cata- 
lyst. 

8. The ion exchange membrane electrolytic cell as 
claimed in claim 7, wherein the elastic electrode is ^ 
formed by a metal coil, an elastic cushion and/or 
metal cotton. 

9. The ion exchange membrane electrolytic cell as 
claimed in claim 7 further comprising an electrode so 
current collector in contact with the elastic electrode 

for supplying current from the electrode current col- 
lector. 
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